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Abstract 
The use of conventional service manuals is still common among service technicians during on-site support. If problems occur during the service 
process, service technicians have to analyze the situation and react accordingly. Problem analysis is subject to uncertainty in time, because the 
optimal course of action strongly depends on the current situation. Therefore, intelligent situation adapted support is needed to replace static 
guidance. This article describes a concept for the generation of interactive and situation adapted service instructions that are dynamically 
derived from a service process model.  
After a brief introduction to on-site service support, the article describes in detail how service processes can be modelled by using the method 
of Integrated Enterprise Modeling (IEM). Subsequently, it shows how and in which phases automated test routines can be used to support the 
service process, followed by a critical discussion of possible information and communication technology (ICT) architectures to implement 
human-machine-interaction. 
The concept includes an ICT-based approach for human-machine-interaction to trigger test routines on the machine to receive information 
about the condition of the machine. For Industrial Product-Service Systems (IPS²), the presented approach offers several benefits compared to 
existing approaches. These include the ability of tracking and influencing service processes as well as the simple adaption of new IPS² modules 
in case of changing business models or customer requirements. The article concludes giving a specific scenario and an outlook on future 
research to be done. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 8th Product-Service Systems across Life Cycle. 
 Keywords: Service; Diagnosis; Human-Machine-Interaction; ICT; Industrial Product-Service Systems 
 
1. Introduction 
Services play an important role in today’s manufacturing 
industry. They generate customer value and substantially 
contribute to ensuring long-term market success [1]. Industrial 
Product-Service Systems (IPS²) are characterized by the 
integrated development and delivery of product and service 
shares in the industrial area [2]. The IPS² provider develops a 
solution that offers high customer individuality [2,3]. An 
objective of Industrial Product-Service Systems (IPS²) is the 
guarantee of a specific machine tool’s availability. 
Within the portfolio of industrial services especially 
maintenance, repair, and overhaul (MRO) activities are 
indispensable to reach a high technical availability of 
production systems. They are often characterized by complex 
root cause analysis and situation-dependent measures. Even 
well-trained service technicians need a considerable amount 
of time for advanced analyses or even need to abort the 
service call due to an inaccurate preliminary diagnosis. 
Furthermore, many steps of a typical MRO process are carried 
out manually and are therefore time-consuming and error-
prone. 
One result of a recent survey, carried out within the 
research project on which this paper is based upon, is that 
even though almost 90 % of field service technicians are 
equipped with laptops, paper documents are the second most 
common information source within on-site service delivery. 
Another finding is that active assistance in the technical 
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diagnosis, provision of information and checklists with 
process steps are regarded as the most helpful support 
functions [4]. A basic architectural approach to realize such 
functions is the concept of service-oriented architectures. 
Although the technology of web services has already been 
realized in industrial applications [5,6], it is novel for 
enhancing the process execution during service field 
deployments. 
2. State of the Art 
2.1. Process Modeling Methods 
In the scope of the paper the process modeling method is 
an essential issue. The three methods Integrated Enterprise 
Modeling (IEM), Business Process Model and Notation 
(BPMN), and Event-driven Process Chain (EPC) were 
identified.  
The method of IEM was developed in the late 1980s by the 
Fraunhofer Institute for Production Systems and Design 
Technology IPK, Berlin, Germany. It was originally designed 
to support the transparent description of business processes 
and their interdependencies to enterprise architecture 
elements, e. g. for organization, systems, products, and 
control [7]. The IEM is compliant with ISO 19440 
“Constructs for Enterprise Modelling”. IEM uses the four 
basic objects order, product, resource, and activity. These can 
be logically interconnected by using five basic linkage types 
to describe processes [8].  
IBM, Armonk, USA, developed the BPMN method that 
was published in 2004 by the Business Process Management 
Initiative (BPMI). In 2006 the Object Management Group 
(OMG) recognized BPMN as a standard [9]. The description 
of processes according to BPMN consists of a set of activities, 
events, gateways, and sequence flows [9,10]. Since 2011, 
after publishing version 2.0, the BPMN standard additionally 
describes a meta model. As a consequence, the applicability 
of BPMN has been expanded, as process models are now 
executable in process engines [11]. A rising amount of IT 
tools exist for modeling, simulation, and execution of BPMN-
based process models. Their functionalities differ mainly by 
means of simulation possibilities and whether they are open 
source or not. The increasing interest in BPMN has been 
underlined through company takeovers from Lombardi, 
Austin, USA, and Inubit, Berlin, Germany, performed by 
IBM, Armonk, USA, and Bosch Software Innovations, Berlin, 
Germany. 
Another method for process modeling is EPC. It has been 
developed collaboratively at the Institute for Information 
Systems of the University of Saarland, Saarbruecken, 
Germany, together with SAP, Walldorf, Germany, and was 
published in 1992 [12]. According to EPC, a process consists 
of a sequence of events triggering business functions. Initial 
events are triggering the whole process. The modeling of 
boolean operators, e. g. and, or, exclusive or, allows complex 
control flows and therefore the representation of business 
relevant decisions [13]. A group of systems, that supports all 
stations of Business Process Management (BPM) with EPC, is 
called ARIS – Process Platform. The linkage between 
modeling and execution has been realized among others by 
the development of ARIS for mySAP, which allows the 
implementation of processes within a SAP system [14]. 
2.2. Process Modeling Approaches for IPS² 
In the IPS² community several approaches for the modeling 
of service processes were developed and discussed. Thereby, 
two different types of solutions are mentionable. On the one 
hand methods and tools exist which consider heterogeneous 
service knowledge held by actors with very different expertise 
in the development phase. On the other hand approaches exist 
which provide reusable process models to configure different 
customer-provider-relationships over the entire lifecycle.  
An approach developed by Laurischkat is referred to as 
Computer-aided Service Design (CASD). The goal is to 
systematically consolidate, archive and context-sensitively 
reuse heterogeneous service information during the early 
stage of the IPS² development. Therefore, CASD offers 
interactive user assistance for the reduction of time and costs 
in the mentioned life cycle phase [15].  
Beverungen et al. applied the concept of configurative 
modeling to the discipline of Service Engineering and 
proposed a procedure model for corrective maintenance 
service processes in the mechanical engineering industry. The 
application of configurable conceptual models allow the 
reduction of time and cost efforts for developing variant-
specific organizational and IT infrastructures [16]. 
Uhlmann et al. developed a method to model the business 
process of a relationship between an IPS² provider and a 
customer efficiently. Therefore reusable process fractals were 
applied. Furthermore, the method allows the simulation and 
optimization of the customer individual IPS² business process 
[17]. 
3. Scenarios 
3.1. Field Service Scenario (Classical Case) 
A service call from a customer is received by the service 
center of the machine tool manufacturer due to machine 
dysfunction. After an unsuccessful attempt to solve the 
problem via phone and remote access to the machine control 
system, an on-site service deployment is chosen as a remedial 
measure. The service technician procures information about 
the machine type and its service history from the local 
enterprise resource planning (ERP) system and prepares the 
paper-based diagnostic manual and needed tools before going 
to the customer. On-site the technician starts troubleshooting 
by working through the checklist of the diagnostic manual. 
Thereby the sequence of work steps is strongly depending on 
the particular diagnostic result. The technician has to interact 
with the machine in manifold ways for the diagnosis. 
Furthermore, the technician has to assess the current status by 
checking the alarm log of the machine control system and 
determining the condition of hardware component using 
component specific testing methods and tools. To do this the 
technician often has to bring the component under 
consideration into a defined state before measuring 
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parameters relevant for diagnosis. According to the particular 
result the process continuous by performing a repair process 
step or further diagnostic process steps. After finally having 
eliminated the failure, performed several verification tests, 
and brought the machine back to operation, the service 
technician completes his activities by drawing up a service 
report. 
This course of action is very time consuming because it 
consists of many manual activities like preparing and 
performing tests as well as reading out parameters. It also 
bears the risk that the service technician does not take the 
optimal sequence of diagnostic process steps or makes a 
wrong decision due to incorrect reading or transferring of 
measuring data. Taking a closer look to the scenario described 
above, it is obvious that many of the process steps can be 
executed quite automatically. In addition, there exists a great 
potential to optimize the sequence of diagnostic process steps 
by substituting the paper-based diagnostic manual by an 
interactive software application that allows ICT based human-
machine interaction, supports the service technician in 
decision making, and guides him through the diagnostic 
process. Having in mind these optimization measures the 
scenario, starting from the point of preparing the service 
deployment, changes towards the following. 
3.2. Field Service Scenario (With ICT Based Support) 
The service technician transfers the process model that 
contains all possible diagnostic process steps and their 
interdependencies for a specific machine tool from the ERP 
system to his mobile service device. Knowing the 
interdependencies between the single process steps the model 
is able to combine the process steps in the right order 
depending on the results of each single step. On-site the 
technician initiates troubleshooting by connecting his mobile 
service device to the machine’s Human-Machine Interface 
(HMI) and starts the interactive software application. As a 
consequence, the application communicates with the HMI, 
checks its ID, and reads out parameters relevant for the 
diagnosis. Depending on the assessed machine state the next 
process step is calculated by the application, guiding the 
service technician through the process by displaying 
descriptive instructions on the mobile service device. Using 
services for test routines provided by a service platform on the 
HMI of the machine, the service technician is able to perform 
the test by clicking the start button on the mobile service 
device. A parameterized request is sent to the web service and 
triggers an automated test routine. During or after this test 
routine, measurement data from the control unit is acquired 
and processed by the service application and sent back to the 
interactive software application on the mobile service device. 
Depending on the transferred content the application 
calculates the next process step. In this way, the application 
guides the service technician through the whole diagnostic 
process until the failure cause is found and eliminated. By 
storing the result of each performed process step, a manual 
drawing of a service report becomes redundant. It is easy to 
see that a service deployment supported in such a way relieves 
the service technician and allows him to concentrate on 
activities that cannot be performed in an automated way. Due 
to the automated performance of test routines, data acquisition 
and transfer, decisions within the diagnostic process are less 
prone to errors and the whole process becomes more 
transparent, efficient, and value adding.  
4. Development of the Field Service Support System 
The analysis of the state of the art shows comprehensive 
results for modeling methods useable in the IPS² 
development. However, there exists a lack of approaches to 
support the IPS² delivery. Therefore, the goal of this paper is 
the development of a service support system for the 
application in the IPS² use phase. 
In the next paragraphs it is shown how the service support 
system is built up for human-machine interaction in the 
context of field service. Starting from a concept and the 
selection of a process modeling method, a process model and 
the implemented web services will be described for a specific 
scenario in maintenance, repair, and overhaul of an 
automation system. 
4.1. Concept of the Field Service Support System 
The structure of the field service support system consists of 
a server-client principle, see Fig. 1. The mobile device of the 
service technician functions as a client which has access to a 
central server and the machine tool control. The central server 
is the data backbone as it provides the process models for the 
field support and historical data. The consideration of 
historical data is necessary to detect possible trends over time, 
e. g. the development of wear.  
4.2. Approach for Service Process Modeling and Execution 
The requirements of service technicians during field 
service deployment have to be considered for the 
implementation of a support system. Therefore, the attention 
to process modeling as well as execution is necessary. 
 
Fig. 1. Principle structure of the ICT based support scenario. 
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Regarding process modeling, the process flow of field 
service support depends on the type of machine tool or 
devices. That leads to the requirement to model processes 
efficiently. Furthermore, during field service deployment a 
permanent linkage to IT resources of the service center via 
internet cannot be guaranteed. Thus, software-as-a-service 
solutions do not seem to be appropriate. Activities in field 
service deployment require a continuous interaction with the 
machine tool control unit. The sequence of these activities is 
not necessarily rigid. Therefore, the experience of the service 
technician should influence the chronological order in some 
cases. 
For the implementation of the field service support system 
the usage of IEM seems to be fruitful. To model the service 
process the graphical modeling tool MO²GO, also developed 
by Fraunhofer IPK, is used [8]. Therefore, the structure of the 
XML (eXtensible Markup Language) exchange format is well 
known which is necessary for the data exchange between the 
different software applications. To generate a Graphical User 
Interface (GUI) with interactive and situation adapted service 
instructions the XML representation of a modeled service 
process is used. The application imports the XML file and 
interprets its objects and relations to build the above 
mentioned GUI. In case of a field service deployment a 
service technician usually performs different process steps in 
a sequence depending on the specific situation found on-site. 
Table 1. IEM objects and linkage types used for service process modeling. 
Objects and linkage types Description 
Product 
 
All objects that are changed by activities 
during a field service deployment, e. g. the 
product “machine tool with failure” (start 
condition) is changed by the activity 
“performing service deployment” towards 
the product “machine tool without failure” 
(final condition) 
Activity 
 
Changes the condition of a product 
Resource 
 
All needed objects necessary to perform an 
activity, e. g. web service call to invoke a 
test routine on the machine tool 
Sequence 
 
Activities are performed successively 
Parallel branching 
 
Activities are performed parallel; parallel 
activities have to be completed before the 
next activity can be started 
Distinction of cases 
 
Depending on the result of the first activity 
only one of the following activities will be 
started 
Junction 
 
The last activity will only be started if all 
linked previous activities are completed 
Loop 
 
The activity in the loop will be performed 
until the condition for starting the next 
activity is met 
 
A single process step can be regarded as an autonomous 
module that is activated by a start condition. During the 
service process this start condition is changed towards a final 
condition by activities that may use different resources.  
Within the approach described in this paper only three 
objects but all linkage types are used for modeling a service 
process. Table 1 lists the used objects and linkage types and 
gives a description about how to interpret them in the context 
of the presented work. 
4.3. Communication Architecture 
To realize interaction between the client application on the 
mobile service device, the central server, and the machine 
tool, an appropriate communication architecture for 
distributed systems is needed. After shortlisting the two 
potential communication architectures, thin client and fat 
client, the fat client architecture was identified as the most 
suitable solution and was implemented. The main reason for 
this decision is that a thin client usually does not provide large 
system capacities which are needed for local data storage and 
processing. These abilities are required to locally handle 
additional data from the service center since it cannot be 
guaranteed, as already mentioned, that a permanent link to IT 
resources of the service center via internet is always available.  
The interaction between the mobile device, the machine 
tool unit and the central server is comprehensible in a Unified 
Modeling Language (UML) sequence diagram, see Fig. 2. To 
start a test routine on the machine tool from the mobile service 
device a web server is implemented on the HMI on which a 
second application (INCOServer) for remote control of the 
machine control system (IMP-MAS) is also active. This 
application allows reading and writing of registered variables 
on the one hand and, on the other hand, starting of predefined 
procedures via Remote Procedure Call (RPC). 
 
 
Fig. 2. Interaction between mobile device client and machine tool control in a 
distributed environment. 
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Table 2. Web services for field service support. 
Web service name Description 
isAutomaticMode Verifies if the machine mode is 
automatic mode 
isReady Verifies if the machine is ready 
getVersionByAxis Reads out the software version of a 
feed axis 
isEmergencyStop Verifies if the emergency stop is 
pushed 
setIdleMode Switches the machine tool to idle 
mode 
isServiceDoorClosed Verifies if the service door is closed 
gripperTest Checks the current status of the 
gripper 
lightBarrierTest Checks the current status of the 
light barrier 
softwareUpdate Checks the current version of the 
control unit and updates it if needed 
contouringTest Initiates an feed axis test run and 
gives back the current contouring 
error 
 
RPC is a technology for inter-process communication while 
communication between the client application on the mobile 
service device and the web server is done using SOAP 
(Simple Object Access Protocol). 
After having described the process steps in general to set 
up the MO²GO model, all steps with potential of being 
performed in an automated way have to be identified. 
Afterwards the routines have to be implemented on the 
INCOServer, and specific web services have to be defined to 
parameterize and trigger the routines. To describe the 
functionality of the web service the XML-based Web Service 
Description Language (WSDL) is used. Finally the web 
service call is modeled in MO²GO as an attributed resource 
whereby the attributes represent the web service call string 
with the Uniform Resource Locator (URL) of the specific web 
service as well as the needed input parameters.  
5. Application of the Field Service Support System 
The field service support system has been evaluated by 
means of its application for maintenance, repair, and overhaul 
of an automation system. That system allows the automatic 
mounting of different machines and is suitable for work 
pieces, electrodes, and milling tools. To demonstrate the 
functionality of the system precisely, a part of an axis 
contouring test will be described. The frequent execution of 
this test is necessary for the detection of slippage inside the 
drive and the adjustment of the belt tension afterwards. 
Table 3 provides a selection of realized web services and 
their description, which are relevant for the contouring test.  
In the run-up of the contouring test the variable 
contouringTest_done is set to false, see Fig. 3. To start the test 
the service door has to be closed manually by the service 
technician. The condition of the automation system will be 
changed to service door closed. As it refers to a safety critical 
activity as well as it is performed manually, an additional 
check is necessary. Therefore, a web service will be executed 
which is called isServiceDoorClosed. If the service door is 
closed, the check has been succeeded. Otherwise, a feedback 
loop will be entered, to detect a possible dysfunction. In that 
manner the whole contouring test is implemented. Thus, the 
functionality of the presented approach has been evaluated.  
6. Summary and Discussion 
This paper describes an approach to generate interactive 
and situation adapted service instructions based on service 
process models to relieve service technicians from non-value-
adding processes. Furthermore, a concept is presented that 
shows how to integrate web services for human-machine 
interaction in the context of field service.  
This approach has been implemented in cooperation with a 
leading provider of project and service management systems. 
The evaluation, performed on a CNC controlled industrial 
handling system, showed that the interface between the 
machine tool control and the field service support system 
allows the visualization of additional action alternatives based 
on sensor data. Furthermore, the storage of executed field 
service delivery enables the building of an automatically 
expanded knowledge data base. Therefore, the software acts 
as a helpdesk for the service technician that provides 
information, video sequences, and links to additional data at 
the right time.  
 
 
 
 
Fig. 3. Process extract of the contouring test concerning the door status detection. 
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As a consequence diagnoses are more independent as 
decisions are subjected, not merely to the knowledge of a 
single service technician, but to the implemented knowledge 
management system. Nevertheless, it is important to note that 
modeling of service processes as well as the development of 
test routines for diagnostic purposes involves high effort and 
respective costs in the development phase. The advantage of 
saving time and money due to an optimized and therewith 
efficient field service delivery becomes apparent in the 
operational phase of a production system and takes some time 
to equalize the above mentioned costs. Taking this aspect into 
account, there is still substantial need for further research on 
more intuitive modeling technologies to decrease time for 
modeling. 
BPMN and EPC seem appropriate as an alternative to 
model processes using IEM and MO²GO. BPMN and EPC 
focus on modeling while IEM is broader in scope. 
Furthermore, BPMN2.0 and EPC allow the development of 
executable models without the detour via an own developed 
application that has to interpret the XML representation of a 
MO²GO model. 
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